Introduction
Hereditary angioedema (HAE) is a rare autosomal dominant genetic condition with an estimated prevalence of 1 : 50,000 [ 1 ] . Several mutations in the SERPING1 gene have been reported to cause HAE-1, which is characterized by low functional and antigen levels of the C1 inhibitor (C1-INH), or HAE-2, which is marked by low functional levels but normal or elevated antigen levels [ 2 ] . HAE-1 accounts for about 85 % of cases of inherited bradykinin-induced angioedema, whereas 15 % of mutations in the SERPING1 gene result in HAE-2. Approximately 25 % of C1-INH-HAE patients have typical symptoms of angioedema with no family history of HAE, and may therefore be classifi ed as de novo mutants [ 3 ] . Low levels of functional C1-INH result in excessive generation of bradykinin (the key mediator of HAE) due to uncontrolled activation of the plasma contact system. This leads to a transient increase in local vascular permeability and blood vessel dilatation in the deeper layers of the skin and mucous membranes, causing episodes of edema [ 4 ] . Recurrent angioedema attacks typically have a non-pruritic, non-pitting nature and may occur at virtually any site of the body. Frequent locations are the extremities as well as the genitourinary and gastrointestinal tracts, where untreated angioedema attacks may not only be disfi guring but especially painful as well. Angioedema attacks in the upper airways Conflict of interest None.
may lead to asphyxiation and death if not treated appropriately with a timely response [ 5 ] . Hereditary angioedema is a rare condition and is frequently misdiagnosed or overlooked, thus delaying the patients' access to appropriate treatment. The swelling that is characteristic of HAE is frequently misdiagnosed as an allergy and treated inappropriately [ 6 ] .
The available treatment options for acute treatment as well as short-term and long-term prophylaxis include a variety of options that have emerged over the past decade. Less than ten years ago, attenuated androgens were the standard choice for long-term prophylaxis in HAE patients. However, this treatment was viewed skeptically because of its potential side effects. Since the risk of adverse events with the use of androgens increases in a dose-and time-dependent manner, patients had to be monitored closely and physicians needed to be mindful of adverse effects. Attenuated androgens are no longer available in Germany or Austria. The fact that these agents have to be imported from abroad makes it diffi cult for the physician to prescribe them [ 7, 8 ] . In the absence of a curative treatment for C1-INH-HAE, Austrian patients are currently given C1-INH concentrates in an acute setting as short-term treatment and long-term prophylaxis. Attacks may be treated with icatibant, which antagonizes the bradykinin B2 receptor and has proved to be effective in adolescents as well as children [ 9, 10 ] . All of the above-mentioned therapy options are available in Austria. To the best of our knowledge, fresh-frozen plasma and tranexamic acid are no longer used for the treatment of HAE in Austria. Attenuated androgens are still used by some patients who took them in the past for long-term prophylaxis and still undergo regular check-ups. Research on new oral kallikrein inhibitors for the prevention of HAE attacks is currently in progress and has yielded positive results [ 11 ] .
National surveys of the prevalence of C1-INH-HAE are scarce. Studies in Sweden, Italy and Norway, based on 146, 983, and 67 patients, respectively, reported minimum prevalences of 1 : 64,028, 1 : 66,284 and 1 : 66,597 respectively [12] [13] [14] . Publications from Denmark, Spain, and Greece reported national prevalences of 1 : 72,671, 1 : 91,162 and 1 : 93,235, respectively [15] [16] [17] . Two recent reports from Slovenia and the Western Cape Province, South Africa, reported lower prevalence rates of 1 per 105,000 and 1 per 140,000 inhabitants [ 18, 19 ] . The prevalence of C1-INH-HAE in Austria has not yet been surveyed. In order to determine the clinical characteristics of patients in Austria, we retrospectively analyzed medical records at the Medical University of Graz. The aim was to obtain reliable diseasespecifi c information about HAE-1/2 patients in Austria.
With regard to clinical characteristics, a retrospective study encompassing a large number of C1-INH-HAE patients revealed that the vast majority of them experienced their fi rst symptoms in childhood or adolescence; these symptoms then persisted throughout their lives [ 20 ] . More recent observations based on an analysis of the Icatibant Outcome Survey (IOS) registry data, including 171 patients from eight centers in Germany, Spain, Italy, France, the UK, Denmark, Israel and Sweden, showed that the median age of patients at the onset of symptoms was 12.0 years (mean 14.5 years), with a median age at diagnosis of 24.3 years (mean 27.9 years), and a median diagnostic delay of 8.5 years (mean 12.9 years) [ 21 ] .
Methods
As of August 2017, we had sparse data on the prevalence of HAE in Austria. A survey was initiated at Austrian departments of dermatology, among local HAE experts and among physicians from other disciplines who were known to be aware of HAE and were listed on the homepage of the Austrian patient organization. Dermatologists are frequently the fi rst doctors to diagnose HAE in Austria, because patients with a swelling commonly consult a dermatologist [ 22 ] . A total of 11 facilities and doctors throughout Austria were contacted via email and requested to participate in a short survey concerning HAE patients identifi ed by them. Austrian patients with HAE tend to consult different doctors for their condition, and we wished to avoid multiple counting of patients. We asked for the following data: gender, initials, year of birth, postal code, HAE type 1 or 2, and whether the type of HAE had been identifi ed. Only patients with confi rmed C1-INH-HAE according to the consensus report of the Hereditary Angioedema International Working Group were included in the analysis [ 1 ] . Patients with other types of bradykinin-mediated angioedema such as AAE-C1-INH or HAE nC1-INH (HAE-FXII, HAE-ANGPTI, HAE-PLG, HAE-UNK) were not included. Existing patient records at the Medical University of Graz were analyzed with regard to the onset of symptoms, age at diagnosis and diagnostic delay.
Different numbers of patients were analyzed for the individual parameters as only complete and confi rmed data were processed; only patients who were alive at the time of data analysis were included. Descriptive analysis of epidemiological data was performed; the results are presented as means and standard deviations (SD), median, Q1 and Q3 as well as minimum and maximum values. We used the Mann-Whitney U-test to compare the different categories of the onset of symptoms, age at diagnosis, and delay from the onset of symptoms to the correct diagnosis. The level of signifi cance was set to an alpha level of 0.05. Given the small quantity of existing patient data for analysis, medians and means could differ because outliers are liable to infl uence means and the low patient numbers may infl uence median values. It therefore seems meaningful to view both mean and median data in the present report. For the calculation of prevalence, we collected demographic data in September 2016 and in August 2018 from Statistik Austria, which is the offi cial statistics register in Austria ( www.statistik.at ).
Ethics approval was not required for the retrospective analysis of clinical records or for the survey. Since Austrian law ensures the anonymity of patients, no ethics approval was needed for data collection or analysis.
Results
The survey identifi ed 137 C1-INH-HAE patients (43.8 % male) living in Austria, amounting to a prevalence of 1 : 64,396 or 1.55 per 100,000 inhabitants. As shown in Table 1 and in Figure 1 with a corresponding color code, the prevalence varies throughout the federal provinces of Austria: from highest prevalence with 1 per 29,529 inhabitants in Styria to provinces with few or no diagnosed HAE patients. A detailed analysis of Styrian patients revealed 42 patients in 17 unrelated families, with the extended family ranging from 1 to 8 affected persons. Prevalence data were determined twice (2016 and 2018), and showed an increase in the number of patients. The type of C1-INH-HAE is known for 96 of the 137 patients. Of these 96 patients, 80.2 % (n = 77) had HAE-1 and 19.8 % (n = 19) had HAE-2. A total of 72 patients were identifi ed in 27 unrelated families. The term 'patients with a family history' was defi ned as more than one affected family member (horizontal/vertical relatives, dead or alive). The term "patient without a family history" was defi ned as the patient being the sole individual in the family with HAE. Fourteen patients belonged to the latter category. Genealogical information was not available for 51 patients. The patients' median age at the onset of symptoms was 6.5 years (range 3.0-67.0 years, mean 12.6, SD 13.0). No signifi cant difference was noted between male and female patients with regard to the onset of symptoms: the median age of males at onset was 6.5 years (range 3.0-67.0 years, mean 12.3 years, SD 14.6), and the median age of females was 9.0 years (range 3.0-51.0 years, mean 12.9, SD 11.7). Figure 2 shows that HAE manifested early in life in the majority of patients. Our patient records at the Medical University of Graz revealed that no patient developed symptoms before the age Table 2 ). The negative values in delay result from pre-symptomatic testing in some family members.
Discussion
Our nationwide survey revealed an overall prevalence of 1 in 64,396 inhabitants, with a prevalence of at least 1 : 29,529 or 3.39 per 100,000 inhabitants in Styria. Styria is one of nine federal provinces in Austria, with 42 HAE patients in a population of more than 1.2 million. The high prevalence in Styria may be explained by the fact that, in Austria, HAE is primarily diagnosed by dermatologists. Styria has just one hospital department of dermatology (at the Medical University of Graz) which performs biochemical C1-INH e Calculated on the basis of data from patients without a family history of HAE and data from patients with a family history of HAE who were the first in their families to be diagnosed with HAE.
antigen and function testing. The department is well known throughout the federal province for its expertise in the fi eld of angioedema. Thus, patients anywhere in Styria are likely to be referred to this department for clarifi cation of any ambiguous angioedema-like symptoms. [ 23 ] .
Prevalence data from other federal provinces of Austria revealed lower prevalence rates than those in Styria. This has several reasons. First, although we contacted HAE specialists at hospital departments as well as physicians who were known to be aware of HAE, listed on the homepage of the Austrian HAE patients' organization and therefore with expertise in the subject, other physicians may also treat HAE patients. Secondly, our nationwide survey yielded a response rate of only close to 45 % (5/11), with responses from Vienna, Upper Austria and Salzburg. Furthermore, we are aware of patients from certain regions of Austria who visit specialists in a neighboring federal province with an established HAE care center, indicating cross-regional patient care. The survey responses revealed 15 patients from outside Styria who had attended our department. Other reasons for the low prevalence rates may be misdiagnosis of patients with similar symptoms, undiagnosed patients, or the fact that C1-INH-HAE is a very rare disease in these regions. All these factors may infl uence -to a greater or lesser extent -the difference in prevalence rates among the federal provinces of Austria.
Switzerland, a neighboring country, has nearly the same number of inhabitants as Austria and similar numbers of C1-INH-HAE patients; an investigation yielded 111 affected patients, who are believed to constitute 70 % of all HAE patients in Switzerland [ 24 ] . A handful of national studies have been performed on the prevalence of HAE. The highest prevalence was noted in Sweden (1.56 patients per 100,000 inhabitants), followed by Italy and Norway with confi rmed prevalence rates of 1.51 per 100,000 and 1.50 per 100,000 respectively [12] [13] [14] . A recent comparison of national prevalence rates for C1-INH-HAE revealed that the epidemiology of this condition is stable; its prevalence was about 1.50 per 100.000 across the six European countries that were compared [ 25 ] . Accurate estimates of the prevalence of C1-INH-HAE in a given population are hindered by the rare occurrence of the disease, poor awareness of the condition, the absence of established registries, the small number of studies on the prevalence and epidemiology of HAE, and diverse methods of data collection (registries, data from patient organizations or surveys).
Laboratory data in our Austrian patient population revealed HAE-1 in 80.2 % of patients and HAE-2 in 19.8 %, which is similar to published reports (85 % and 15 %, respectively) [ 26 ] . Information on C1-INH-HAE type identification was not available in 41 out of 137 patients, meaning that C1-INH antigenic levels have not been determined in those patients to distinguish between C1-INH-HAE type 1 and type 2. Nevertheless, diagnosis of C1-INH-HAE has been made according to the guidelines [ 1 ] . In our survey we did not ask whether or not mutation analysis on the patients' SERPING1 gene had been performed in order to confi rm C1-INH-HAE 1/2 diagnosis, as biochemical testing is suffi cient to diagnose the condition. The patients' median age at the onset of symptoms was 6.5 years, which is lower than that of patients enrolled in the IOS study (12.0 years) [ 21 ] . Detailed analysis revealed a signifi cant difference in age at onset between HAE patients born before or after 1960 and those born after 1980 (p = 0.004; p = 0.007). This may be explained by increasing awareness of the symptoms, especially in patients with a family history of HAE, whereas patients born before 1960 may not associate the symptoms experienced in childhood with manifestations of HAE. Our comparison of mean values showed a slight difference: we registered a mean age of 12.6 years (SD 13.0) compared to the published fi gure of 14.5 years (SD 12.3) [ 21 ] . The high standard deviation was due to a few extreme outliers, such as an onset of symptoms at the age of 67 years. The overall median age at the time of correct diagnosis for patients with and without a family history of HAE was 21.0 years (range 0.0-69.0 years, mean 22.9, SD 16.4). Thus, the difference between the median age at the time of correct diagnosis and the median age at the onset of symptoms does not concur with the median diagnostic delay in years. The delay in correct diagnosis was derived from the data of patients without a family history of HAE and those with a family history of HAE who were the fi rst to be diagnosed with the disease in their family. In patients with a positive family history we registered a median diagnostic delay of 0.0 years (range -6 to 16 years), which would bias the delay in favor of a misleading low median value. As a result, we obtained an overall median diagnostic delay of 15.0 years, which is nearly double the time period reported in the literature (8.5 years) [ 21 ] .
